Purpose. To review outcomes of 10 patients who underwent plate osteosynthesis for severe olecranon fractures. Methods. Records of 7 men and 3 women aged 33 to 73 years who underwent plate osteosynthesis for severe olecranon fractures were reviewed. All had some degree of soft-tissue injury; 6 presented with associated fractures. Seven patients were treated with a limited contact dynamic compression plate, and the remaining 3 received a locking compression plate. Patients were followed up for fracture healing, range of motion, nerve damage, heterotopic ossification, infection, hardware complaints, and the need of a secondary surgical procedure. The Mayo Elbow Performance Score (MEPS) was determined at the final follow-up. The patient-answered questionnaire (PAQ) portion of the Liverpool Elbow Score (LES) was evaluated 2 to 37 months later by telephone. 2010;18(1):80-4 2010;18(1):80-4 and severe soft-tissue swelling; all had been treated with the limited contact dynamic compression plate. Four patients underwent plate removal owing to hardware complaints. One patient underwent a secondary procedure to restore complete range of elbow motion. The mean MEPS score was 84 (range, 35-100); 5 patients attained excellent scores, one good, 2 satisfactory, and 2 unsatisfactory. The mean PAQ portion of the LES score was 31 (range, 23-36). Conclusion. Plate osteosynthesis achieves satisfactory results for severe olecranon fractures. The deep infection rate is higher in patients with severe softtissue injury.
INTRODUCTION
The olecranon process of the ulna enhances the stability and strength of the elbow. It is susceptible to direct injury, although indirect injury (caused by forces generated by the triceps while falling on a 90º flexed elbow) may be the most common cause of isolated olecranon fractures. They account for 7% of fractures in adult patients and 38% of all elbow fractures. 1 They occur mostly at the relatively non-articular transverse groove of the trochlear notch and usually do not result in post-traumatic arthritis. Outcomes are worse when the trochlear notch is directly affected, especially with comminution and/or ulno-humeral dislocation. When fractures are displaced, open reduction and internal fixation is needed in order to realign the anatomic articular surface and restore normal elbow functioning.
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Tension band wiring is the treatment of choice for olecranon fractures without comminution. Nonetheless, it may be inadequate when comminution is significant, [5] [6] [7] [8] [9] [10] [11] and necessitates hardware removal owing to symptomatic metal prominence. 2, 3, 6, 12, 13 Plating techniques are advocated to prevent this complication and provide better stability and healing rates with fewer complications. 2, 14, 15 We reviewed the outcomes of 10 patients who underwent plate osteosynthesis for severe olecranon fractures. 16, 17 ). All had some degree of soft-tissue injury; 6 presented with associated fractures.
MATERIALS AND METHODS

Records
Patients received cefuroxime 1.5 g just prior to surgery and a repeat dose if the surgical procedure exceeded 2 hours. Patients were operated on in a supine position under general (n=2) or regional (n=8) anaesthesia with sedation, with the arm on a support over the chest. No tourniquet was used. An incision was made using a midline dorsal approach. The fracture was reduced and temporarily stabilised with Kirschner wires (1.2-1.6 mm) depending on the size of the olecranon. Seven patients were treated with a 3.5-mm limited contact dynamic compression plate (LC-DCP), whereas the remaining 3 received a locking compression plate (LCP) that provided a proximal precontouring for the olecranon with a thinner profile (Fig. 1) . The LC-DCP was contoured intra-operatively by bending it 80º at the point of the second proximal hole to fit the anatomy of the proximal olecranon. Standard screws were used in young patients and combined with LCP screws in elderly patients or those with osteoporosis. Whenever possible, the proximal screw had to be crossed the fracture to fix the distal fragment. In patients 6 and 7, a long 3.5-mm cortical screw was inserted in a proximal-to-distal direction into the coronoid process of the ulna. 18 Articular reduction was assessed intraoperatively using fluoroscopy.
Patients were followed up for fracture healing, range of motion, nerve damage, heterotopic ossification, infection, hardware complaints, and the need of a secondary surgical procedure at months 1, 3, and 6, and annually thereafter.
The Mayo Elbow Performance Score (MEPS) 19 was determined at the final follow-up. The maximum score was 100 (45 for no pain, 25 for ability to perform functional activities, 10 for stability, and 20 for motion). A score of >90 was considered excellent, 75 to 89 good, 60 to 74 fair, and <60 poor. A quality-of-life questionnaire was administered 2 to 37 (mean, 15) months after the final follow-up by Figure 1 Radiographs showing a right elbow with a type-IIIB fracture, a coronoid process fracture, and a non-displaced radial head fracture treated with the locking compression plate system. telephone, using the patient-answered questionnaire (PAQ) portion of the Liverpool Elbow Score (LES). 20, 21 It consisted of 9 items about daily functioning of the elbow during the previous 4 weeks; total scores could range from 0 to 36. Patient satisfaction and any symptoms attributed to the hardware were also recorded.
RESULTS
The mean interval from admission to surgery was 2 (range, 0-6) days, and the mean operating time was 75 (range, 40-192) minutes. The mean follow-up duration was 11 (range, 3-26) months. Patient 6 was lost to follow-up after bone union (Table) .
All patients achieved bone union. Mean elbow flexion was 121º (range, 80º-140º), with a mean deficit in elbow extension of 27º (range, 0º-70º). Mean forearm pronation and supination were 64º (range, 5º-90º) and 74º (range, 10º-90º), respectively. Patients 5 and 8 developed a secondary displacement of the proximal fragment of their olecranon, but this did not affect the range of movement and complete extension of the elbow.
None developed nerve damage or heterotopic ossification. Patients 4, 6 and 8 with type-IIIB fractures (one also had a type-IIIA open fracture and the other 2 also had a grade-II soft-tissue injury 22 ) developed deep infections and severe soft-tissue swelling (Fig. 2) ; all had been treated with the LC-DCP. Four patients underwent plate removal owing to hardware PAQ-LES denotes patient-answered questionnaire of the Liverpool Elbow Score complaints. One patient underwent a secondary procedure (including arthrolysis) to restore complete range of elbow motion.
The mean MEPS score was 84 (range, 35-100);
5 patients attained excellent scores, one good, 2 satisfactory, and 2 unsatisfactory. The mean PAQ portion of the LES score was 31 (range, 23-36). Seven patients were very satisfied, although 3 of them had had hardware complaints. Patients with associated ipsilateral fractures of the radius and/or coronoid process of the ulna had the worst scores.
DISCUSSION
The elbow plays a critical part in the normal arm functioning. Complex fractures of the olecranon process of the ulna threaten the integrity of both the elbow and forearm joints. The treatment goals are to maintain a stable and anatomic reduction, realign the longitudinal axis of the olecranon process, and enable immediate rehabilitation. 15, 23, 24 Tension band wiring is associated with a high rate of hardware removal. 5, 12, 13, 25, 26 Plate osteosynthesis is recommended for complex olecranon fractures.
Soft-tissue injury is the main factor predicting outcome. 27 Swelling of the neighbouring soft tissues may play a role in development of infection. The severity of soft-tissue injury affects the management of closed fractures. Blunt injuries to soft tissues involve microvascular and inflammatory processes that produce localised tissue hypoxia and acidosis. Incisions made through such compromised tissue may lead to wound breakdown and deep infection. 28 Therefore, recognising the signs of soft-tissue injury is important for successful management of closed fractures.
Patient satisfaction is affected by non-union, instability, deep infection, stiffness and loss of joint motion, or hardware complaints. 12, 14, 29 In our study, there was correlation between the MEPS and the PAQ portion of the LES. Therefore, outcome assessment is feasible using a postal/telephone questionnaire, as patients can provide reliable and valid judgements about their health status and treatment outcomes. 21 In a study of 25 elbow fractures treated with plate fixation and followed up for a mean of 34 months, 20%
had plate removal and all had satisfactory outcomes.
14 No difference in outcome between Mayo types II and III were found.
14 In a prospective randomised study comparing tension band wiring and plate fixation in 41 patients, 2 plate fixation was associated with better clinical and radiographic results, and a smaller proportion suffering reduction loss. Congruent elbow plate fixation achieved satisfactory results, with only 3 out of 32 patients undergoing hardware removal owing to symptoms, infection or fixation failure. 30 15 (88%) of 17 patients with transolecranon fracturedislocation treated with plate fixation had excellent or good results, with a mean range of motion of 14º to 127º. 29 Our study had limitations. It was retrospective, and 2 different types of plates were used. The number of patients was limited, which may affect the extent to which its findings can be generalised. Comparative studies are needed to substantiate our results. Plate osteosynthesis achieves satisfactory results for severe olecranon fractures (types IIB, IIIA, and IIIB). The deep infection rate is higher in patients with severe soft-tissue injury. Soft-tissue injury may play a role in development of infection. Further improvement of devices may lead to fewer complications.
